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PERFORMANCE CHARACTERISTICS OF JOURNAL BEARINGS
WITH FOROED-FIED LUBRICATION

By §. A, McKeo, H. §. Walte,
A. D. Bell, and J. ¥, Swindells

SUMMARY

FPrictlon and heat-dissipation data are presented for
usoe in determining tke load-carrying capaclty of 2- by li-
inch bearinge with the following twvpes of lining: copper-
lead, lead-indium-coated silver, and lead-coated copper-lsad.
.The tests were made in a four-bearing friction machine and
covered operatlon with three clearances uslng three olls of
different viscoslty at three oil-inlet temperatures.

Values are computed to indicate the safe loads at vari-
ous speeds for bearings lined with each of the three types of
material., The data are presented in the form of charts con-
venlent for obtalnlng relative safe~load values that may be
ueed 1in estlmating the effects of viscoslty grade, viscoslty
index, o0ll-inlet temperature, bvearing clearance, and bearing

metal on the performance of alrcraft-engine bsarings in
actual service,

The results indicate that both lead-indium-coated gllver
and lead-coated copper-lead bearings have greater load.~carry-
ing capaclty than copper-lead bearings.

INTRODUOTION

Analysia of the gcfion of a Journal bearing indicates
that from the standpolnt of lubrication the performance of a
bearing is dependent upon the generalized operating variabdle
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ZN/P, where 2 1is the absolute viscosity of the oll in the
bearing, ¥ 18 the speed of the Journal, and P 1g the
pressure on the projected area of the bearing. The perform-
ance of a bearing is also dependent upon ite abllity to dis~
gipate heat. When the other factors remaln constant, a rise
in temperature 1n a bearing ilncreases the rate of heat dla-
sipation, The effect of a rise in temperature upon the rate
of heat generation in a bearling, however, depends upon the
conditions of operation. Bearing frietlon decreases wlth &
rise in temperature at the high values of ZN/P and increases
at low values. Conseguently, 1f other facotors are unchanged,
the rate of heat generation also changes in the same manner.
bLccordlngly, the bearing can reach a steady state of tempera-
ture distribution at high ZN/P values; hence this regilon of
operation has been called the region of stadle lubrlcetion.

At low values of ZR/P the inorease in friection for a tem-
perature rlgse becomes greater proportionally than the increase
in the rate of heat dissipation by the bearing. Under these
condltlong the bearlngs cannot reach & steady state, hence

the name "region of unstable ludrication.®

This fundamental concept of a steady state for bearing
operation 18 ussd as a basie for the work covered by this
paper. The question of a steady state of temperature dle-
tribution hze been discussed in a numder of pudlicatlons.
(See reference 1.) An analytical treatment pertinent to the
work 1n this paver 1s given in reference 2. JIFriction and
heat-disslpation data were obtalned over a wlide range of con-
ditions involving changes in operational and design factors.
Date were also obtained at low ZN/P values pertinent to the
determination of the limiting value of ZN/P for safe opera-
tion with each of three types of bearing materials. TFrom
these data computatlions of loadegarrying capacity are made
and are presented in the form of charte convenlent for use in
quantitative estimatee of bearing performance. Thus the rel-
ative effects of changes in the various operatlional and de-~
sign factors on the performance of bearings of other sizes in
actual service can be evaluated.

These teste are part of a research program on lubricatlon
of alrecraft-engine bearings being carried out by the National
Bureau of Standards with the financlal assistance of the
Netional Advieory Committee for Aeronautics.
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APPARATUS

Four-Bearing Friction Machine

Photographs of the four-bearing friction machine and
parts used in this investigation are given in figures 1 and
2. The machine consiets essentially of four test bearings
nmounted on a common shaft. The bearinge used ln these tests
were Bolid stesl sleeves lined with thin layers of the bear-
ing metals. They are mounted in self-alining ball-bearing
swivels whlich are prevented from rotating by flat spring
torque absordbers, The two outelde bearlngs are mounted di-
rectly 1n the ends of the bearing housing. The two lnner
bearings are mounted in plates sliding in guldes. Load is
applied equally to the two inner bearings from a aydraulile
Jack at the base of the housing through two Jack plungeras.
The reaction from this load 1is taken by the two outer bear-
inges and; slnce the bearings are eymmetrically spaced, all
are equally loaded.

The complete houeing floate on the horlisontal test shaft
end hence acte as a cradle dynanmompter. The frictlomnal
torque 1as measured by a direct-readirng torque indlicator con~
tacting a torque arm mounted on the housing. The torque in-
lcator ueed in most of these teets conslets of a small dia-
phragm Jack and preesure gage, In later tests thle indicator
vas replaced by a dynamometer scale. For torque measurements
greater than the capacity of indicator or scale, weights are
added to a pan suspended from the torque arm. 8tops are pro-
vided to limit the motion of the torque arm.

The uese of a flexible diaphragm (synthetic rubdbber) in
the hydraulic Jack prevents leakage. This permite the use of
a hand-operated injector which can be set to maintain a cone-
stant load. An automatic load release in-.-the hydraullc load-
ing syestem releases the pressure in the Jjack when the fric-
tlonal torque gets too high under conditions where the bear-
ings aroe approaching seizure,

01l 1s fed to the bearings through the drilled test
shaft with two 01l holes at the axlal center of each bearing.
O1l-feed pressure is maintained by a motor-driven gear punp
with a rellef vaelve for pressure control.

Bearing temperatures are measured by thermocouples
mounted on the lomrded sides of tho bearings.
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Shafts and Bearings

The shafts used in theso tests were made of crankshaft

- steel conformlng to Pratt & Waitney Alroraft specification
190,

—_— [

Three types of bearing material were used, Bearing
sets la, 1b, and lc had copper-lead lininge conforming ta
Pratt & Whitney Aircraft specification 121. Set 2a had sil.-
ver linings coated with a 0.0015-inch thickness of lead
which wag treated with indium, and set 3a was lined with
lead-~coated copper-lead.

The essential dimensions of bearings and shaft are as
follows:

Bearing set la 1b lc 2a 3a

Length of bearings, L, 4in., 1.276 1.275 1.2756 1.275 1.376

Av, diam. of bearings, in. 2.0574 2.0593 2.0616 2.0585 2.0583
Av, dlam. of shaft at .
Journals, D, in. 2.0556 2.0556 2.0556 2.0542 2.0542
Av. clearance, C, 1in, 0.0018 00,0037 0.0060 0,0043 0.0041
Clearance dian. ratio, C/D 0.0009 0.0018 0.0029 0.0021 0.0020
Length diam. ratio, L/D 0.620 0.820 0.620 0.821 0.621

Ludbricants

The lubricante used were & Pennsylvania oil (X¥BS labora-
tory reference No. J3-120), a Kavy contract 1080 oil, and an
SAR 20 motor oil. The viscosity data for these oils are as

follows:
Viscoslty
Saybolt Universal peconds Centiatokeg
Lubrleant 100 F 210° ¥ 100° ¥ g10° r
NBS reference J3-120 1766 1234 .4 382.3 26 .04
Favy contract 1080 781 77.6 1169.1 14,956

SAT® 20 371 68.6 80.2 9.83



NAQCA ARR No. 4H156 b

TEST RUNS

Hoat-Dissipation Teste

- [

In the heat-diselpation tests the bearings were operated
in the reglon of steable lubrication at the higher velues of
Z¥/P. Test rune were made at constant speeds and at a number
of constant loads whiech were successively increased during
each test run. The data were obtained with the apparatus
thoroughly "warmed up" and with the bearings in a steady
state of temperature distribution. The range of conditions

covered in the heat-dissipation tests with each set of bear-
inge 18 as followse:

OPZRATING CONDITIONS FOR HEAT-DISSIPATION TESTS

Bearing set la 1b lc 2a 3a
J3-120 J3-120 J3-120 J3-120 J3-120
0i1 used 1080 1080 1080 1080  emeem-
SAE 20 SAE 20 SAE 20 SAE 20 -
Speed, N, 2000 2000 2000 2000 2000
rpm and and and and and
3000 3000 30CQ 3000 2000
Pressure on vrojected 725 725 725 726 7235
area of bearlngs, to to to t0 to
P, 1b/eq 1n. 2289 4057 4332 2970 4332
Av, oil-feed pressure
P, _1b/eq in, 37 35 34 35 36
150 150 150 150 150
~inl t s
Oilo;n et temperature 200 200 200 500 i
250 260 2560 850 260
Bearing temperature, 224 184 170 174 208
o to to to to to
343 322 297 306 334
Case temperature' 174 156 146 168 167
oy to to to to to
247 260 253 253 - 263

Av, room temperature,
°r 85 79 79 84 83
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Some tests also were made at variouns oil- feed pressures
velng the Navy contract 1080 oil at 200° ¥ oil-inlet temper-
atnre and a Journal :speed of 2000 rpm. These tests include
‘operation with bearing set-la at oll-feed pressures of 37
and 103 pounds per square inch, set 1lb at 15, 35, 57, and
103 pounds per square inch, and set loc at 165, 34, and 97
pounds per square inch,

Priction Tests at Low 2ZN/P

In the tests to determine the effects of the bearing
materlial upon the frictional characterietics of the bearings,
partlcular attentlion was given to operation at low values of
ZX/P 1in the region of unstable lubrication, These tests
wore made on bearing sets 1b, 2a, and 3a - all of which had
approximately the same C/D ratice. The test runs were made
at a conpgtant speed of 2000 rpm and at a number of loads
which were successively increased during each test run. All
the tests were run with the same o0il, the same oll-lnlet
temperaturas, and about- the same oll-feed pressure. The en-
tire apparatus was thoroughly warmed up before each tesat.

The tests were made with the bearings in a "run-in" condition,
Three consecutive runs covering the complete load range were
made with each set of bearings. The operating conditions
were as followa:

OPZRATING CONDITIONS FOR TESTS AT LOW ZN/P

Bearing set 1b 2a 3a
01l used J3-120 J3-120 J3-120
8peed, ¥, rpn 2000 2000 2000
Pressure on projected 971 971 971
area of bearlngs, to to to
P, 1b/sq in. 5144 7055 7055
Av, oll-feed pressure
P, 1b/sq 1n. 34 32 33
O0il-inlet temparature,
oF 350 260 3560
Bearing temperature, 376 276 376
op to to to
317 349 360
Case temperature, 218 223 216
oy to to to
248 272 266

Av, room temperature,
op 82 82 84
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DISOUSSION OF RESULTS

Heat-Diseipation Characteristics

P - —— e Rape = e,

The data obtalned in the heat-dissipation tests wilth
bearing set la (copper-lead, C/D = 0.0009) are given in
figure 3, These data ocover operation with the three grades
of oll at three olil-inlet temperetures, at various loads,
and at two Journal speeds. In this figure H', the rate of
heat dissipation for the four bearings in inch-pounds per
minute (used 4instead of the conventional Btu/min), 1s plot-
ted agalnst AT, the average rise in temperature in degrees
Fahrenheit of tnhe bearings above the ambient. These tests
were run under conditione of a steady state of temperature
dlstribution; hence the valueng of H'! were obtained fronm
observations of frictional torque.

Similar data for bearing sets 1lb (copper-lead, .
6/D = 0.c018), lc¢ (copper-lead, ©C/D = 0.0029), and 2a (lead-
indium-coated silver, C/D = 0,0021) are shown in figures 4,
5, and 6, respectively. The teste with set 3a (lead-coated
copper-lead, O0/D = 0.0020) wore confined to runs with the
J3-120 01l at oll-inlet temperatures of 150° ¥ and 250° F,.
These data are shown in figuro 7.

The heat-dlissipation data for sets la, 1b, and lc when
operating at 2000 rpm using the Navy contract 1080 oll at
200° T oill-inlet temperature and at variovue oil-feed pres-
sures aro given 1ln figure 8. 1In thie figure the bearing aet
and the oll-feed pressure aroe indicated for sach curve.

The rate of heat removal by the o1l flowing through the
machine for typlcal condltions with bearing sets la, 1D, and
lc are shown by the dotted curves in figure 9, The curves
were obtalned from data on the rate of flow of the oll, the
‘" temperature difference between the 0il entering the end of
the shaft and the oll leaving the case, and the speciflc heat
of the particular o0il used. The 80lid ocurves in this filgure
repressnt the total rate of heat dissipation as determined dy
the torque measurements.

Analysls of the data given in figures 3 to 9 indicates
that with forced-feed lubricatlion under the conditions cov-
erad by these teete much of the heat generated in the bear-
ings 18 carried away by the oil; hence thelr operating tem-
peratures are influenced greatly by the temperature of the
entering oil and factores affecting oil flow.
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The general characteristics for a given temperature riee
above the amblent are as follows:

~--- (&) The rate of heat dissipation inoreases with a de-
orease in viscosity grade (indicated in figs. 3 to 6).

(b) The rate of heat dissipatlion increases with a de-
crease in oll-inlet temperature (indicated in figs. 3 to 7).

(o) The rate of heat diesipation increases with an in.-
crease in oil-feed pressure (indicated in fig. 8).

(d) The rate of heat dissipation increases with an 1in-
crease in clearance (indilcated by comparison of curves for
same 0il and oll-inlet temperature in figs. 3, 4, and 5).

The effect of different bearing metals upon the heat-
dieslpation characterietics of the bearings 1s relatively
emall (indicated by a comparlson of curves in figs. 4, 6,
and 7). Some of the differences shown can be attridbuted to
the d1fferences in clearance between the three sets of bear-
ings. Graphical interpolation of the data glven in flgures
3, 4, and b provides m means for correcting the curves in
figures 6 and 7 8o that they are representative of the same
clearance (0.0037 in.) as the curves in figure 4. The cor-
rected curves 1indicate that under the same conditions the
rate of heat dlssipatlion of the copper-lead bearlings and the
lead~coated copper~lead hearinge was about the same and
glightly less than of tne lead-indilum-coated silver bearings.

Frictional Characteristics in the Reglon of
Ungtable Lubrication.

The data obtained in the teete of the copper-lead bear-
ings {(set 1b, C/D = 0.0018), the lead-indium-coated silver
bearings (set 2a, C/D = 0.0021), and the lead-coated copper-
lead bearings (eet 3a, OC/D = 0.0020) when operating at the
lower values of ZN/P 4in the region of unstable lubrication
are shown in figure 10, where f, the coefflclent of friec-
tion, is plotted against ZN/P, where 2Z 18 in centipoises,
N 1in revolutions per minute, and P in pounds per square
inch,

One of the chief difficulties in obtaining representa-
tive data in the region of unstable lubdrication is that in
this reglon of operation, frequently the frictlonal charac-
teristlice of a bearing are not conetant. This 18 especlally
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true when operating at the high loads, speeds, and operatihg
temperatures used in these tests. Under some conditione the
.bearing is.improved wiih operation while at others it 1s im-
paired. This was found to be especlally characteristic of
the copper-lead bearings. JFrom this coneideration, the
curves in figure 10 were chosen as being reasonably repre-
gentative of the average performance of the respective bear-
ings (in the run-in condition) under the test conditions,

In these test runs, precautlions were taken to coantrol, as
far as possible, all variables except the bearing metal.

All three sets of bearings had approximately the same clear-
ance and were run at the same speed with the same o0il at the

same oll-inlet temperature and about the same oll-feed pres-
sure.

The friction data obtalned in these tests are shown .
aleo in figure 11. In this figure the values of f obtained
.at a glven load with a given set of bearings are plotted
againgt P, the pressure on the projected area of the bear-
ing. These curvee provide an indicatlion of the load-carrying
capaclty of the bearings, since the load at minimum f rep-
regents approximately the maximum load at which the respec-
tive bearings will operate 1n the region of astable lubdrica-
tion under the given conditions with tke gliven lubricant.

The data shown in figures 10 and 11 indicate that the
lead-indium-coated sllver bearings had a relatively higher
friction. EHowever, ths load-carrying capacity of these bear-
ings was avout equal to that of the lead-coated copper-lead

bearings, and markedly higher than that of the copper-lead
bearings,

COMPUTATIONS OF LOAD-CARRYING CaPACITY

The data in figure 11 provide an indication of the eafe
loads for thes three sets of bearings tested when operating at
the given apeed using the particular oill, oil-inlet tempera-
ture, and oll-feed pressure. The computed load-carrying
capaclties of all five sets of bearinge when operatlng at
different speeds using different oils, oil-inlet temperatures,
and oll-feed pressures are given in figures 12 to 17. :(The
method used in making these safe-load computations 1s de-
scribed in detall -in reference 2.) Each curve in these fig-
ures represents the limits of safe prsessure P for the vari-
ous values of the epeed N when using the deslgnated bear-
ings, oll, oil-inlet temperature, and oll-feed pressure.
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The computations are based on the heat-dlesipation data given
in flgures 3 to 8, the viscoslty-temperature characteristics
of the olle used, the amblent temperature, and the limits of
safe operatlon as indicdated dy the point of minimum £ 1in
the curve of £ plotted against 2ZN/P for the bearings.

The limitse for safe operation used in these computations
were obtelned from the curves in flgure 10. The valuse used
for the copper-lead bearings are 2ZN/P = 3.0 and minimunm
f = 0,00135; for the lead~indium-coated silver bearings
ZN/P = 1,7 and minimum f = 0.00160; and for the lead-
coated copper-lead bearings Z¥/P = 1.7 and minimum
f = 0,00140. The computations for the lead-indium-coated
gllver bearings are based upon the heat-dissipation-tempera-
ture relations shown in figure 6 with the correctiocns (pre-
viously mentioned) applied so that they are representative
of bearings having a clearance of 0.0037 inch (clearance-
diameter ratlo = 0.0018). The heat-dlesipation curves for
the lead~coated copper-lead besarings when corrected for clear-
ance were practically the same as corresponding curves for
tke copper-lead bearings; hence the safe-load computations
for the lead-coated copper-lead Pearinge are based on the
heat-dlssipation curves in figure 4. Computatlone for all

seta 8f bearings wera based on an assumed amblent temperature
of 86° ¥,

Analysis of the curves given in figures 12 to 17 1ndi-
cates that, all other factors remaining unchanged, the load-
carrylng capacity of the bearinge ls increased by an increase
in viscoslty grade, 1e decreased by an increase in oll-1inlet
temperature, 1s increased by an increase in oll-feed pressure,
and is increesed by an increase in clearance. Comparison of
the curves for the bearings of different metals indlcates
that over the range of conditions covered the lead-indiunm-
coated sllver and the lead-coated copper-lead bearinges are
about equal 1n load-cerrylng cavacity and both markedly supe-
rior to the copper-~lead bearings in this respect.

SUMMARY OF RESULTS

Data are presented showing the heat-dissipatlon charac-
teristics of 2- by l%i-inch bearings operating in a four-
bearing friction machine with forced-feed lubrication at two
speeds over a wide range of loads. These data show the in-
fluence of such factors as viscoelty grade, oll-inlet temver-
ature, oll-feed pressure, bearing clearance, and bearing
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metal, JFrletlion data are glven which provide a comparison
of the load-carrying capacity of 2- by 1&-1nch bearings

- +lined .with.copper-lead,, K lead-indium-coated silver, and lead-
coated copper-lead when each tyve was operated at” the ssame
speed with the same o0il and oll-inlet temperature. ZTFrom
these data values of safe loads at various speeds are com-
puted, These data show the effects of changes in the varl-
ous factors upon the load-carryling capacity of the bearings.

Analyslis of these data indicates the following effects
of the individual variebles (all others remaining constant)
upon the bearing temperature and safe load for a bearing
operating with forced-feed lubrication at a conetant speed:

Effect on
Change Effect on .computed safe
bearing - pressure on®
temperature? projected area
Increase pressure on
projected area Inereags = —-——scocecceeee—-
Increase viscosity
grade? Increase Increase
Increase oll-1inlet
temperature Increase Decreass
Increase oll-feed
pressure Decrease Increase
Increase clearance-
dlameter ratio Decrease Increase
Type of bearing Negligidly Il.ead-indium silver and
metal . emall lead-coated copper-lead

about the same; copper-
lead markedly lower,

1Based on date obtained when operating in the region of
stable ludrication.

2Involves changing to an oll of higher viscoslty at all
operating temperatures.

Yational Bureau of Standards,
Washington, D. C., Apnril &, 1944.
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APPENDIX
“"SAFE-LOAD CHARTS - -- --

In oconeldering these data from the standpoint of appli-
cation to bearings under actual operating conditions, it 1s
of interest to make a comparison of the two cases. The ma-
terials used in the shafts and bearings were the same as
those used 1n ailrcraft engines. The shaft diameter was
smaller than moet englne crankshafts but it was of the same
order of magnltude. The length-dlameter ratio was within
the range of engine bearings and the clearance-diameter
ratlos covered the same range. The lubricants were typical
for aviatlon engine o0ils and thelr viscositlies covered ordi-
-nary usage. The method for feeding the o0il to the bearinge
(o1l holes in shaft), the oll-feed pressures, and the oil-
inlet temperatures also were typical of enginoe operation.

The majJor differesnces are in the types of loading and
in the sources of heat. In the engine the loads vary in in.
tenslty and direction relative to the bearinge while 1n the
laboratory machine the loads are constant both in intoensity
and directlon relative to the bearings. In the engine the
operating temperatures are influenced by heat from the cyl-
inders; hence from this standpoint, conditions may be more
severe in the engine. However, the temperatures observed
with the laboratory machine cover the range of probable en-
g€ine bearing operating temperatures. The englne bearings
are subject to impact and vibrational loade which are rela-
tively amall in the laboratory machine. In one respsct,
however, conditione in the laboratory machine may be more
gevere, In the laboratory machire one portion of the bear-
ing 18 constantly under high etress, while in the englne a
given portion of the bearing 1s under high stress only at
certaln poeltions in a cycle. 4Also, iIn the laboratory ma-
chine an 01l film is maintained in the bearings only by the
mechanliem of the wedging action, while in the engine the
load tends to force the shaft and bearing together at varl-
ous polntes where the surfaces are already well coated with
oi1l, Other factors, not taken into account by the ladoratory

machlne, are the fatigue characteristics of the bearlng metals,

mlgalinement and distortion, and contamination of the oll,

Because of these differences it would not be expected
that the numerical results obtained in the laboratory machlne
would be directly avplicable to full-scale englne operatlion,.
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On the other hand, relative differences shown by the labora-
tory data should be of elgnificance to performance in service
and wvhen used in conjunction with service experience provide
useful guides in practical problems relating to alrcraft en-
gine bearings., Accordingly the safe-load data are given in
chart form convenlent for this purpose.

Oharts Showing Safe Loads for Army and Navy Spoecification
Oils a2t Various Oll-Inlet Temperatures

Analysls of the data given in figures 123 to 16 indicates
that for a given bearing operating at a given speed ‘the safe
load at a given oil-inlet temperature is a function of the
viscoslty of the oll at that temperature. Also when a given
oll 18 used, the safe load is approximately a linear function
of the oll-inlet temperature. TFrom these relations the safe-
load chart shown in figure 18 was developed for a 2- by l&-
inch copper-lead bearing having a clearance-diameter ratlio of
0.0018 (which approximates the clearance-diameter ratios of
typical aircraft enzine bearings). In this figure the maxi-
mum safe pressures (plotted as ordinates) are shown for this
bearing wher operating at 2500 rpm ueing the designated
grades of Army and Navy specification aviation oils at the
various oll-inlet temperatures (plotted as abscissas). The
upper line for a deslgnated grade reprosente the upper vis-
coslty limlt of that grade, whilse the lower line reprcsents
the lowor viscosity lirit. 3Both limits are based on a vise-
coslty indek of 100.

Similar charts for the operation of lead-indium-coated
sllver and lead-coated copper-lead bearings operating at
2600 rpm are shown 1in figures 19 and 20, respectively.

While the absolute values shown in thase figures are
applicable only to the particular conditions upon which the
load-carrylng capaclty data are based, the charts provide a
. means for estimating the relative effects of changes in vie-
coslty grade and oll-inlet temperature on the load-carrying
capaclty of alrcraft engine bearings in actual service.

One example of a practical use for such a chart is glven
by the hypothetical case which follows:

{ .
Alroraft engine, normally operating at 2500 rpm using
copper-lead bearinge and Navy symbol 1100 oll, Service rec-
ords indicate that there is little bearing troudble 1f oil-




NACA ARR No. 4H18 14

inlet temperature is maintained below 220° F. Horsepower of
the englne 1s to be increassd making the load on the bear-

..Angs 16 percent greater. ¥hat grade of oll should be used

and what is the 1limiting oil-inlet-temperature? - .

From figure 18 1t will be noted that the mean value of
the safe load for a Navy eymbol 1100 oil at 2320° F oil-inlet
temperature 1s about 4100 pounds per square inch. The new
requirements are a 15 percent increase or about 4700 pounds
per sguare lnch. ‘Agaln referring to figure 18 1t 1s seen
that this load is agprozimately a mean value for a Navy syn-
bol 1100 oil at 165 F oll-inlet temperature and for a Navy
symbol 1120 oll at 190° ¥ oil-inlet temperature. The cholce
as to which of the olls couvld be used to better advantage
would depend upon other factors such as cylinder wall and
ring lubridatlon and oil-.cooling capacity. While the final
answer to thls problem could be obtained only by serviece per-
formance, these estimates should bPe ueeful as a gulde in
making the changes necessary.

Charts for Deteruining Safo Loads for Oils of
Different Viscosity Grade and Viscosity Index
.at Various 0ii-Inlet Temperatures

The charts given 4in figuree 21, 22, and 23 are for gen-
eral use wilth olls coverlng a wide range of viscosity index.
Thege charts are based on the same relatlions as those in fig-
ures 18, 19, and 20 and pertain to the same bearings (2~ by
l124nch copper-leand, lead-indium-coated silver, ard lead-
coated copper-lead, respecbively) operating at the same speed,
2600 rpm. In these charts the safe pressures are plotted as
ordinetes and the oll-inlet temperatures as abscissas. At
the left there 1e a composite scele conslsting of four verti-
cal gscales for viscoelty at 100° F in Saybolt seconds lald
out on a horizontal ecals for viecosity index (computed from
relation of change 1in viscosity at gliven bearing temmeratures
with change 1n viecosity index). A slmlilar scale for Saybolt
vigcoslities at 210° 7 1g lald out at the right.

To use these charts, plot on the composite scale at the
left of tha chart a polnt representing the viscosity of the
oil at 2100° ¥ and the viecosity index of the oil, Plot a
point representing the viscosity of the oil at 210° F and ite
viacoslty index on the scale at the right of the chart. Draw
a stralght line between these two points. This line
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roepresents approximately the-limits of safe pressure for this
0ll at the various oil-inlet temperatures. These charts are .
_‘convenient for estimating the effects of changee in viscosity
index on thé lodd-carrying ‘capacity of the bearings. This 1ise
1lluetrated 1n figure 21, wvhere lines are plotted for two oils
having the same viscosity at 210° ¥ (100 sec) but with dif--
ferent viscosity indices, 90 and 110, reepectively. From
these lines 1t will be noted that under the conditions cov-
ered an increase in viecosity index from 90 to 110 provided
an 1ncreaae in -load-carrying capacity of about 4 percent at
160° ¥ oil-irlet temperature to about 7 percent at 250° ¥
oll-inlet temperature.

Charte for Determining Safe Loads for Bearings of
Different Clearance Using Olle of Various
Viscosity Grade at Various Oil-Inlet Temveratures

A third type of chart may be used to estimate the ef-
fects of changes in clearance when using various grades of
oll at various oill-inlet temperatures. A chart of thls type
for use with 2- by 1&-1nch copper-lead bearlngs operating at
2500 rpm 1s shown in figure 24. In thils figure the safe-load
scale 18 along the left border and one for clesarance-dlameter
ratlos along the lower torder. The right side of the chart
contalne a corposlte scale conslsting of three vertical

scales for kinematic viecosity laid out at 150° ¥, 200° 7,
.and 260° T, respectively, on a horigontal scale for oll-inlet
temperature. These scales apply to oils of approximaetely
100 vigcosity index. The shaded areas 1n this composlte
scale roepresent the various grades of Army and Navy epeclfi-
catlon olls of 100 viecoslity index. The numbers 1in each
area indicafe ths respective grade,

In using this chart the viscosity of the oll at the par-
ticular oil-inlet temperature undor consideratlon 1s plotted
on the composite scale at the right. A stralght line 1e then
drawn between thie point and the dull'!s-eye located near the
lower left-hand corner of the chart. Thile straight line will
define approximately the limiting safe pressures for the
clearance-dlameter ratios indicated along the lower dorder
wvhen using the respective o01l, oil-inlet temperature, and
speed,

Such a line for a Navy symbol 1100 oil (mean value) at
200° ¥ oil-inlet temperature is shown in figure 24. Thie
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line may be used to indicate the effects of machining toler-
ances on the performance of the bearings. For example,
conelder a 2-inch bearing where the machining tolerances are
such that "the clearance may vary from 0.003 inch to0-0.00B
inch (clearance-diameter ratios of 00,0015 to 0.0025), Under
the conditions represented by the line in figure 24, the
safe load at the large clearance 1s about 5000 pounds per
square inch whlle with the small clearance the safe load 1sg
about 3800 pounds per square inch, which represents a reduc-
tion of about 24 percent. While these particular values are
applicable only to the conditions represasnted by the line 1in
flgure 22, changes of this magnitude would be expected with
sorvice bearings for corresponding changes in clearance-
diameter ratlo.

In this connection it should be noted that these data
are basod solely upon the effects of G/D ratio upon the
hoat disslpation of the bearing and do not take into account
the effoct of C/D ratio upoan the point of minimum £ 1in
the curve of f plotted against 2W/P. Theoretical hydro-
dynamic oequations for bearings with no end leakage indicnte
that the C/D ratio affects the minimum film thicknees and
hence the load-~carrying cavacity of the bearings., Durilng
the course of thie investigation friction data at low IZN/P
ware obtalned with bearings of different C/D ratio. These
data, however, differ markodly from the theoretical equatlons,.
The location of the point of minimum f varlod somewhat
wlth different sets of bearings, but any trend with change 1n
C/D ratio was sufficiently emall to be blanketed by the ef-
fecte of differences in surface conditions or other factors,
Further work 1s necessary to evaluate the effects of C/D
ratio at low 3ZN/P. }
Similar charte for use with 3- by li-inch lead-indiunm-
coated sllver and lead-coated copper-lead bearings operating
at 2500 rpm are given in figures 25 and 26, respectively. ,
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Safe Pressure, (P), 1000 1b./in.2
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Figure 21.- Chart for determining safe loads.for oils of different viscosity grade and viscosity index it various
oil-inlst temperatures. 3" x1-1/4" copper-lead bearings, C/D = 0.0018, 2500 rpm.

On the composite scale at the left of the chart, plot a point representing the viscosity of the oil at 100°F
and the viscosity index of the oil. Plot a point representing the viscosity of the oil at 310°F and its viscosity
index on the scale at the right of the chart. Draw a straight line between these two points. This line represents
approximately the limite of safe pressures for this oil at the various oil-inlet temperatures.
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Figure 33.- Chart for determining safe loads for oils of different visocesity grade and viscosity index at various
oll-inlet temperatures. 2" x 1-1/4" lead-indium coated silver bearings, 0/D = 0,0018, 3500 rpa.

On the composite scale at the left of the chart, plot a point representing the viscosity of the oil at 100°F
and the viscosity index of the oil. Plot a point representing the viscosity of the oil at 2310°F and its viscosity
index on the scale at the right of the chart. Draw a straight line between these two points. This line represents
approximately the limits of gafe pressures for this oil at the various oll-inlet temperatures.
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Figure 23.=~ Chart for determining safe loads for olls of Aifferent viscosity grade and viscosity index it various
oil-inlet temperatures. 2" x 1-1/4" lead-coated copper-lead bearings, ¢/D = 0.0018, 3500 rpa.

On the composite saale at the left of the chart, plot a point representing the viscosity of the oil at 100°F
and the viscosity index of the oil. Plot a point representing the viscosity of the oil at 210°F and its viscosity
index on the scale at the right of the chart. Draw a straight line between these two points. This line represents
approximately the limits of safe preasures for this oil at the various oil-inlet temperatures.
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Figure 24.~ Chart for determining safe loads for bearings of different clearance using oils
of various viecosity grades at various oil-inlet temperatures. 3% x 1«1/4" cop-
per=-lead bearings, 3500 rpa.

Plot the viscosity of the o0il at the oil-inlet temperature under consider.tion. Draw a
straight line between this point and the bull's-~eye at the lower left of the chart. This
line defines approximately the limiting safe presaures for the clearance-diameter ratios
when using the given oil, olilelnlet temperature, and aspeed.
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Figure 25.= Chart for determining safe loads for bearings of different clearance using oils of
various viscosity grades at various oil-inlet temperatures. 2" x 1-1/4" lead=-
indium coated silver bearings, 23500 rpm.

Plot the viecosity of the oll at the oil-~inlet temperature under consideration. Draw a

straight line between this Eoint and the bull'e~eye at the lower left of the chart. This line

defines approximately the 1
the given oil, oil-inlet temperaturée,and speed.

miting safe pressures for the c¢learance~diameter ratios when using
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Figure 36.~ Chart for determining safe loads for bearings of differsut clearance using oils of
various vimcosity grades at various oileinlet temperatures. 3% x lel/4" leade
coated ocopper-lead bearings, 3500 rpm.

Plot the viscosity of the oil at the'oil-inlet temperature under consideration. Draw a
straight line between this point and the bulll!s-eye at the lower left of the chart. This line
defines approximately the limiting safe pressures for the clearance-diameter ratios when using
the given o0il, oil-~inlet temperature, and speed.
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